Abstract. Globalisation in large engineering, procurement and construction companies has lead in many cases to the establishment of a number of global centres for activities such as process design, detail design, procurement and fabrication. A company with a number of such resources then faces the problem of maintaining a high percentage utilisation in each of these resource locations, multiple projects need to be processed through each of these offices and which project is handled by which office is generally more reliant on available capacity than geography, particularly in the case of engineering centres.
Introduction
The Resource Constrained Project Scheduling Problem (RCPSP) is a well studied academic problem that has been shown to be well suited to optimisation via genetic algorithms. Lancaster and Ozbayrak [1] and Kolisch and Hartmann [2] provide detailed history of the work conducted in this area to date.
A special case of the RCPSP occurs when one considers a company with multiple sites or office locations that can process certain activities for a number of projects. Each of the offices will be aiming at a high resource utilisation, but the more projects and the more suitable locations that can be considered the more complex the problem of optimising the project assignments.
This paper considers the optimisation of this problem utilising genetic algorithms, the main objective of this research is to prove the applicability of using stochastic resource assignments to solving this type of problem. The core algorithm is based on our genetic algorithm solution to the RCPSP presented in Lancaster and Cheng [4] with and extension to cater for the optimisation of stochastically assigned resources. Section 2 details the problem being considered in further detail. Section 3 of this paper discusses the structure of the genetic algorithm. Section 4 provides the results of the application of the algorithm to the problem and finally section 5 provides our conclusions and direction of future research.
The Multiple Facility Resource Levelling Problem.
As a test problem we will consider an organisation concerned with the Engineering, Procurement and Construction of ten projects. The engineering of these projects can be conducted in any of the company's three engineering facilities worldwide. Each of the engineering facilities has a limitation on the number of man-hours per day that it has available for any given time period. Table 1 below gives the resource limitations at each of the locations. For the testing of this algorithm the 10 projects are included in an integrated schedule. Each of the projects is represented for this exercise only at high level i.e. One activity each for the major project phases: Engineering, Procurement, Fabrication, Construction and Commissioning as well as a final Project Completion Activity. The ten Engineering activities will be the activities subject to stochastic resource assignment, we will not consider resource assignments for the other activities for the purpose of this exercise. In the initial state the Projects are all scheduled to start immediately with no consideration for resource constraints. The objective of the problem will then be to find a feasible resource assignment solution that will maintain the imposed resource constraints and further to find the minimum duration solution under these resource constraints. The initial state resource curves are shown below for the three resources can be seen below in figure 1. Initially the resources have been arbitrarily assigned to provide a starting point for the algorithm. It can be seen that the available engineering offices could not process the projects to this schedule.
The Genetic Algorithm
The Genetic Algorithm used in the optimisation of this problem is based on the Fitness differential Adaptive Genetic Algorithm previously described in Lancaster and Cheng [4, 6] . In order to cater for the novelty of this specific problem the algorithm was modified in the following manner:
The Chromosome was extended in order to hold the resource assignments for each of the activities identified for stochastic resource assignment. In this way the resource assignments are optimised along with the activity sequence. In order to deal with the extension specific crossover and mutation operators had to be developed that would retain the validity of the chromosomes after the genetic operations have been performed. For this specific problem n = 60 and p = 10 as there is one Engineering activity for each project. Fitness Function. No novelty is required in the fitness function the minimisation of duration is the measure of fitness whilst adhering to the resource limitations. A Serial Schedule Generation Scheme is employed to convert the sequence permutations into feasible schedules.
Selection Operator. The algorithm utilises roulette selection. The analogy of the roulette wheel in this selection method utilises this same mechanism only with each chromosome receiving a portion of the wheel sized in relation to its fitness. The algorithm then performs a function, which equates to the spinning of the wheel, the probability of selecting a chromosome for transfer to the temporary population is then in proportion to its fitness.
The probability, Pr, of each chromosome being calculated, where f is the fitness measure, (see Eq. 1).
Crossover Operator. The crossover in the chromosome is performed using the independent position crossover (IPX, Murata and Ishibuchi [8] ) operation on the activity sequence portion of the chromosome and then applying a single point crossover on the chromosome extension.
Two different operators are used due to the differing nature of the data in the two parts of the chromosome. The main chromosome is a permutation of the activities and therefore the integrity of this permutation needs to be maintained, that is each activity must be represented and also must only be present once. The chromosome extension is not a permutation.
In the IPX method, members of the Parent1 chromosome are selected randomly for transference directly to the Child1, the balance of members of Parent1 are then used to populate the remaining positions in Child1 in the order that they occur in Parent2. The single point crossover simply chooses a random point in the chromosome extension and takes the alleles to the left of this point from one parent and the alleles to the right from the other. Figure 3 below illustrates this methodology.
Mutation Operator. Mutation is also performed as two separate operations; for the main chromosome the 2 Point adjacent swap mutation (Murata and Ishibuchi [8] ) is applied. For the Chromosome extension a simple random allele change is performed. An allele is selected at random and then a random value choosen from the valid range for that allele, this is similar to the simple 'bit-flip' mutation used in binary representation. See Section 3.6 for details of the parameter control utilised to modify the mutation rate.
Elitism. Due to the use of Crossover and Mutation operators the minimum fitness solution can sometimes fail to be transferred to subsequent generations. Elitism maintains the best to date solution by filling a predetermined portion of the population with the fittest solution. For solution of this problem 25% Elitism was selected.
Parameter Control. Mutation is utilised within the algorithm to prevent premature convergence upon a local minima. The authors' previous research [6] has found that there is benefit to having the mutation factor set low when the algorithm is converging to a minima but then increasing the factor when no improvement is acknowledged for a number of successive generations. Controlling the settings of parameters in this nature is known as adaptive parameter control. i.e. utilising information generated by the algorithm to modify its future behaviour. A full taxonomy of parameter setting can be found in Eiben et al. [9] this is also discussed in Lancaster and Cheng [6] . Hartmann [10] used a self-adaptive GA where self-adaption was used to control the algorithms choice of schedule generation scheme (serial or parallel) but this type of adaptive parameter control has not been utilised in a GA solution to the RCPSP to date.
In the optimisation runs the following settings were used for the run of the algorithms: 20 Elitism: 25% Development Platform. As an extension of our previously designed algorithm, this algorithm has been developed within Microsoft project using Visual Basic for Applications. This algorithm was previously discussed in Lancaster and Cheng [4] . The algorithm parameters being entered via a custom user interface as shown below in Figure 4 . The Visual Basic for applications code generated for the standard RCPSP was significantly modified to cater for this specific problem type.
Results
The improvement made during the search for the optimal results to the problem being considered can be seen below in figure 5 . This curve shows improvement to the optimal found solution within four generations.
Due to the built in adaptively of the algorithm, it can be seen that the search is widened in generation nine after four generations with no improvement to the best solution. In this case this increased diversity can still produce no further improvement to the algorithm. The Average fitness then converges toward the minimum fitness curve. Figure 6 shows the resource levelling results obtained from the optimisation. The three resources can be seen to closely adhere to the imposed limits. It can be seen that the available resources at each of the companies facilities are being effectively utilized 
Conclusions
This algorithm has met the objectives of testing the benefits of using a genetic algorithm with stochastic resource assignments to solve this special case of the RCPSP.
Our algorithm has successfully allocated resources to the indicated activities in order to provide a solution within the specified resource constraints and at the same time conducted duration minimisation.
The algorithm has provided a unique utilisation of extensions to the traditional RCPSP chromosome as well as adapting existing crossover and mutation techniques to suit this additional data.
As a direction for future research we intend to use a similar extended chromosome structure to investigate the use of Stochastic Logic application to solve other variations on the RCPSP problem.
